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ABSTRACT 
 
 
The goal of this project is to develop a cost and water efficient drip irrigation system. 
This irrigation system will deliver irrigation needs to a future 2.5 acre vineyard owned by 
the Jaqua family. The design accounts for the specifics of the field such as soil type, 
slope, crop water requirement, etc. A detailed design was created which includes part 
specifications, cost estimate and field map. 
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INTRODUCTION 
 
Tolosa Winery is a prominent winery located on the outskirts of San Luis Obispo. This 
vineyard-surrounded facility processes 8,000-10,000 tons of grapes annually. Located on 
the edge of Tolosa’s property is a house with a 2.5 acre field that is not being used to its 
potential. The owner, Randy Jaqua, realizes the potential of his property and is 
considering installing a vineyard to produce a profit.  An important part of deciding 
whether or not to install a vineyard is the cost and viability of installing an irrigation 
system.  
 
In order to determine the cost of installing an irrigation system all components of the 
system must be considered. This includes: pump selection, filtration selection, hose 
selection and emitter selection. The selection of these individual components must 
account for aspects such as field size, elevation changes, flow requirements, pressure 
requirements, water availability and water quality. Components will be selected based on 
their cost and performance. Initial cost as well as the annual costs (ie. the energy cost of 
the pump) must both be considered.  
  
The irrigation system must not only be designed to supply the correct amount of water to 
the crop, but supply this water efficiently. A value of distribution uniformity (DU) will be 
targeted based on the type of system used. This allows for utilization of the water applied 
which is both environmentally and financially friendly.  
 
The final product to present to Mr. Jaqua is an irrigation design which includes all 
specifications necessary to build an irrigation system for his field as well as the total cost 
of installation.  
 
 
Figure 1. Arial view of the field.  
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LITERATURE REVIEW  
 
Water Quality. The quality of water a plant receives can affect its production. Various 
minerals found in water can either promote or inhibit the plant’s growth. 
 
Having a high salt content in irrigation water can affect the plants growth. Salt breaks 
into positively and negatively charged ions in water. The major positively charged ions 
are sodium (Na+), potassium (K+), calcium (Ca+2), and magnesium (Mg+2) (CWT 
2004).  The major negatively charged ions are sulfate (SO4-2), chloride (Cl-), carbonate 
(CO3-2) and bicarbonate (HCO3-) (CWT 2004).  Nitrates (NO3-2) and phosphates (PO4-
3) contribute in an insignificant proportion to conductivity, but are more important in 
biological matters (CWT 2004). Irrigating with water that is high in salinity makes it 
difficult for the plant to compete with ions in the solution for water (Bauder 2012). Plants 
can only transpire pure water; usable water available to the plant in the soil solution 
decreases dramatically as the amount of salts increases (Bauder 2012). Water that is high 
in salinity has been found to decrease the crop’s leaf area, root size, water content and 
overall biomass of the plant (Malash at al. 2011). Measuring the salt content of the water 
is essential to determine the risk of the salinity effecting plant growth. One way salt 
content is given is in parts per million (ppm) of salt in the water. Fresh water has a salt 
content of less than 1,000 ppm, slightly saline water ranges from 3,000 to 5,000 ppm, 
moderately saline water ranges from 3,000 to 10,000 ppm, and highly saline water ranges 
from 10,000 to 35,000 ppm (Robinove 1958). Applying irrigation water with high salt 
content increases the salt content of the soil. Soil salt content is measured by assessing 
the electrical conductivity (EC) of a soil; units of millimhos per centimeter (mmho/cm) or 
decisiemens per meter (dS   ) are used. An approximate relationship between EC and 
total ppm of salt for irrigation water in the U.S. is for every one dS    there is 700 ppm 
of salts in the water; this however, is an approximation and will vary depending on the 
water sample and weight of the salts in the sample (Styles and Burt 2011).  
 
Grape vine growth can be affected by salinity. A study conducted by Shani and Ben-Gal 
(2005) concluded that yield response to an increased EC of the soil paste resulted in 
decreased leaf, stem and fresh berry weight. Maas (1990) reported that grapevines are 
moderately sensitive to salinity and that grapevines have a threshold value of 1.5 dS    
in saturated paste      with a salinity response of 9.6% yield decrease for every 
subsequent unit (dS   ) of E   increase. However, Williams and Mathews (1990) state 
that the effects of salinity on fruit composition and quality are not fully established. A 
study conducted by Hepaksoy et al. (2006) concluded that the use of saline irrigation 
water enhanced the quality of Cabernet Sauvignon grapes.   
 
Nutrients. Certain nutrients are essential for plants because they allow for photosynthesis 
and metabolism to occur. These nutrients include macronutrients such as nitrogen, 
potassium, phosphorus, calcium, magnesium, and sulfur; micronutrients such as iron, 
manganese, boron, copper, molybdenum, zinc, and silicon (Lenntech 2011). 
Macronutrients typically represent a concentration of 1000 ppm, compared to the 500 
ppm for micronutrients. However, high concentration of the micronutrients can be toxic 
for the plant (Lenntech 2011).  Subramoniam et al. (2006) found that quality 
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characteristics of grape berries such as juice content, titrable acidity, specific gravity, 
total sugar and acidity ratio were enhanced by the following treatment: recommended 
fertilizer schedule of N, P and K along with ZnSO4 (0.2%) + boric acid (0.2%) + 
FeSO4 (0.2%) + MnSO4 (0.2%) + MgSO4 (0.5%) + CaCl2 (0.5%) + KNO3 (0.5%) + urea 
(1%) at both blooming and 15 days after blooming stages. The study concluded that in 
addition to soil application of recommended doses of N, P and K, incorporating B, Zn, 
Mn, Fe, and Ca are necessary to obtain top quality fruits.  
 
Soils. To obtain soil data, the Natural Resource Conservation Service website can be 
used. An aerial map allows users to select a specific area in question. Once the area is 
selected, the soil classification and range of percent slopes are given. If there are multiple 
types of soil in the particular area of interest, the website will provide percentages of the 
different soil types in the location. The specific composition of this soil is provided on the 
website including soil pH, cation-exchange capacity and percent of calcium carbonate 
among other soil qualities.  
 
The type and quality of soil affects the end product of wine. After a study of wine grapes 
grown on two different soil types was conducted by Gomez-Miguez et al. (2007), it was 
concluded that the soil type could affect both color and aroma characteristics of the 
Zalema wines used in the study. According to Scott Williams (2013), the soil type plays a 
major role in determining the variety of grape grown. Different soils will have different 
flavor profiles. Chardonnays are preferred to be grown on heavier soils with higher clay 
content, while Pinot Noirs are preferred to be grown on lighter, sandier well-drainage 
soils. Pacific Vineyards, who manages the neighboring vineyards, will grow both 
previous listed varieties on both previous listed soil types due to production demands. 
Smith (2003) published an article where it is stated that deep fertile soils are not usually 
considered optimal for Pinot Noir.  
 
Crop Water Requirement. The purpose of installing an irrigation system is to provide 
the necessary amount of water to the crop. This necessary amount of water must be 
determined by calculating the amount of evapotranspiration (combination of evaporation 
and transpiration) that occurs with the crop and its surrounding environment. 
Transpiration is the movement of water from the soil, into the roots, up the plant stems, 
and finally out of the plant leaf stomata into the air as vapor (Burt 2010).  Different plants 
will transpire at different rates. Evaporation accounts for water which does not pass 
through the plant; this is the water that is evaporated either through a wet ground surface 
or a wet plant surface. Each plant will have an individual evapotranspiration (ET) rate 
based on its location and specific plant type. To calculate the ET rate of the specific crop 
in a specific location, a reference ET can be used along with a crop coefficient (Kc). The 
crop coefficient assigned to the selected crop is multiplied with a reference ET to 
calculate the ET in question (Williams 2005). This is shown in the Equation 1 (Williams 
2005). 
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                 (1) 
where,  
 ETc = ET of selected crop 
              ETo = ET of reference crop  
                         Kc = crop coefficient 
 
The values of ETo can be obtained online from local weather stations. Two possible 
providers of this information include CIMIS and Cal Poly Irrigation and Training 
Research Center (ITRC). The value of ETc is important to know because it is a key factor 
in determining the required flow for the system. The ETc value used should be the 
maximum value for a given time period to ensure that the system is designed to handle 
the necessary delivery of water when its quantity is the greatest (Burt and Styles 2011). 
The peak month or peak week during a selected year is used as the time interval. The 
selected year can be the previous year that contains average ETc rates, or from a hotter 
year that will contain higher than average ETc rates (Burt and Styles 2011). With a loam 
or heavier soil with an irrigation system which produces 60% wetted area or more, it is 
standard practice to design for a “normal” year because the soil water holding capacity 
will provide a sufficient buffer for the hotter periods (Burt and Styles 2011). Due to the 
fact that using micro irrigation results in higher rates of ET, it is sometimes 
recommended that for design purposes, the ET rates be increased by 15% over the 
published, standard ET rates (Burt and Styles 2011). Table 1 displays ETc values 
(highlighted in yellow) of grape vines in the San Luis Obispo area, provided by the Cal 
Poly ITRC. The table below is of a year that was deemed a hot year, which includes 
higher ETc values than that of a wet or average year. Referencing this table for a design 
will allow an engineer to design a system that can handle the most significant water 
demands. Dividing the ETc by the ETo will calculate the crop’s Kc value. Kc values are 
shown highlighted in blue in Table 1. The Kc value varies throughout the growing season 
and varies with percent canopy cover. 
 
Table 1. 1997 Zone 3 grape vine Kc with altering canopy cover. 
 
 
 According to Hellman (2004), the Kc value of grape vines is affected by the size of 
canopy cover and how much of the canopy is exposed to sunlight. Williams (2005) notes 
that the Kc value will alter throughout the growing season and that it is not a constant 
fraction of ETo; initially the value is low, and as the canopy develops the Kc value will 
increase. The percent of ground shaded by the canopy can indicate the Kc value to use 
(Williams 2005). A study conducted by Williams (2005) developed an equation that 
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expresses the relationship between percent shaded area and crop coefficient for 
Thompson seedless grapes (table grapes). This equation is as follows: 
 
   Kc = -0.008 + 0.017x  (2) 
 where, 
  Kc = crop coefficient 
   x = percent area shaded 
 
According to Williams (2005): “From a practical standpoint, managers could estimate 
their own individual vineyard Kc by simply measuring the width of the shade cast upon 
the ground and using the relationship between percent shaded area and the Kc from that 
given in this paper (shown above) providing estimates of grapevine water use at 100% of 
ETc.” This equation allows growers an easy way to estimate the crop coefficient for their 
vineyard. The relationship between crop coefficient and percent shaded area is shown in 
Figure 2 (William 2005).  
 
 
Figure 2. Relationship between percent shaded area and crop coefficient. 
Distribution Uniformity. The goal of engineering an irrigation system is not just to 
provide the crop with a target value of water, but to deliver the water in a uniform 
fashion. Having a system that evenly distributes water limits the amount of plants that 
grow improperly due to under irrigation and also ensures that water does not go to waste 
due to over irrigation. The term used to represent how evenly the crop receives water is 
the system’s Distribution Uniformity, or DU. The equation to calculate the value for the 
DU is as follows (Burt 2011): 
 
      
                                   
                                                
                                (3) 
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This equation uses the value of the average lowest quarter of all values and divides it by 
the value of the average depth of water in the entire field. The value of DU will always be 
lower than 1. Different irrigation systems are capable of creating different DU values.  
Drip irrigation is the most efficient and values can range from 0.85 to 0.95 (Hellman 
2010).  
 
Types of Irrigation Methods. Several different methods of water distribution can be 
used to irrigate wine grapes. In the Western United States, these methods include flood, 
furrow, sprinkler and drip irrigation (Williams and Mathews 1990). Irrigation practices 
are dependent on variables such as water cost and availability, soil type, tillage practices 
and irrigation district scheduling. Each different method of irrigation includes advantages 
and disadvantages with use of its method.  
 
Flood Irrigation. Flood irrigation is the most primitive method of irrigating a crop. It 
includes digging channels for the water to follow and using gravity to disperse the water. 
Some advantages of using flood irrigation include minimal maintenance, low energy cost, 
and no sensitivity to winds (Koch 1988). Some disadvantages to using this type of system 
include waste of water, nutrient and soil run off, damage of soil structure, and transfer of 
plant diseases by way of water traveling from plant to plant (Koch 1988). It is important 
to have a field with a slope that will allow gravity to move the water so that every part 
has near the same opportunity time. Metering the amount of water which the plants 
receive is not easy to do with this system. 
 
Sprinkler Irrigation. Another type of irrigation method that can be used to irrigate a 
vineyard is sprinkler irrigation. Advantages of this system include: wash off dust and 
debris from foliage, low filtration requirements, moderate maintenance, ability to irrigate 
on sloping land and ability to add chemicals (Koch 1988). Disadvantages include 
sensitive to winds, development of foliage disease, water filtration, higher energy 
requirements and large pipe requirements (Koch 1988).  
 
Micro Sprinkler Irrigation. Micro sprinkler irrigation is a type of irrigation method that 
is commonly used on vineyards. Advantages of this system include under foliage 
coverage, a larger coverage area, ability to provide high water distribution uniformity, 
application of herbicides and fertilizers, adjustment to changes in elevation, smaller pipe 
size, and lower irrigation hours (Koch 1988). Some disadvantages include high level of 
filtration requirements, clogging problems, sensitivity to winds and higher evaporation 
rate (Koch 1988). 
 
Drip Irrigation. Drip irrigation is a common method used for irrigating vineyards. 
Advantages of this irrigation system include: under foliage cover, not sensitive to winds, 
ability to apply herbicides and fertilizers, can be used on sloping ground and no losses 
due to evaporation (Koch 1988). Drip irrigation systems also can have a very high 
distribution uniformity, reaching values of 0.93 and greater (Burt and Styles 2011). Also, 
a study done by Peacock et. al. (1977) found that drip irrigation, compared to furrow and 
sprinkler, on wine grapes improved efficiency while maintaining yield and fruit quality. 
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Some disadvantages to using a drip system include: high level of filtration requirements, 
clogging problems and longer irrigation hours (Koch 1988).   
 
Emitter Selection. If a drip system is used, then the engineer must decide which type of 
emitter to select. The performance of the emitter directly affects the DU of the system. 
According to Wei et al. (2006), only a three to seven percent variation in flow of the 
emitter results in three to five percent variation of the distribution uniformity, which 
proves that the variation in flow of emitters has a high effect on the distribution 
uniformity of the system. Emitters come with varying hole size, discharge exponent, 
coefficient of variation, path type, insect resistance, color, resistance to sunlight, number 
of moving parts, and anticipated life (Burt and Styles 2011). All of these factors must be 
taken into consideration upon selection.  
 
Emitter Hole Size. A larger hole size will typically have fewer plugging problems than a 
smaller hole size. When selecting emitters, the engineer must take into account factors 
such as the quality of water available and type of filtration system used. Different emitter 
sizes will require for different particles size filtration to prevent clogging in the system. 
 
Discharge Exponent. Each different emitter will contain a different discharge exponent. 
This discharge exponent is used to determine the flow of water at a certain pressure. The 
equation shown below is used to calculate the flow rate the emitter produces (Burt and 
Styles 2011). 
 
                                                                                            (4) 
where,  
           Q = Flow rate, gallons/hour 
              K = Defined constant, depending on units and hole size 
               P = Discharge pressure, PSI 
             x = Emitter discharge exponent   
 
For most products the manufacturer of the emitter will provide the “K” and “x” values to 
the consumer.  
 
Coefficient of Variation. The emitters that the consumer receives from the producer will 
not all perform exactly identical. Bralts et. al (1987) notes that the variability in the 
emitters that occurs in the manufacturing process is one of the most significant factors 
that effects the distribution uniformity. To account for this variation during the design 
process, the supplier rates their product with different coefficients of variation (CV).  If 
the CV value is not supplied, the equation to calculate the CV is as follows (Burt 2011): 
 
      
 
 
                                                                                           (5) 
 where, 
 CV = Coefficient of variation 
    S = the standard deviation of the emitters in the sample 
    X = emitter discharge mean 
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However, in the real world of designing irrigation systems it is not realistic that tests will 
be run to calculate the CV; it is a value that the emitter manufacturer should supply. 
According to Rashad et. al (2012), certain value ranges of CV are categorized. Table 2 
shows this relationship (Rashad et al. 2012)..   
 
Table 2. CV Rating. 
 
 
Pressure Compensating Emitters. Pressure compensating emitters allow for a constant 
flow with varying pressure; however, there is typically a range of pressures in which this 
constant flow will occur. Therefore, it is ideal to have the system pressure within a 
certain range. Figure 3 shows an example of flow versus pressure for two pressure 
compensating emitters. This is an ideal model of flow for the emitter, but not an exact 
model.  
 
 
Figure 3.Flow versus pressure for a pressure compensating emitter. 
For this particular emitter, it is not until the pressure reaches a value of 7 psi that the flow 
rate reaches a constant value. Pressure compensating emitters may retain its pressure 
compensation at very high pressures, but when pressures exceed around 35 psi, emitters 
tend to pop off the hose, or hoses tend to pop out of their fittings (Burt and Styles 2011). 
Figure 3 shows the ideal relationship of a pressure compensating emitter (Rainbird 2012). 
The true relationship between pressure and flow shows a similar trend to the ideal. The 
realistic relationship between flow and pressure for compensating (along with non-
compensating represented by the dotted line) emitters is shown in Figure 4 (Bolen 1997). 
As you can see, the flow spikes at a lower pressure, then steadily increases with increase 
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in pressure after the tail end of the spike. This demonstrates the importance of developing 
and achieving a desired pressure even when the emitters are compensating emitters.  
 
 
Figure 4. Actual pressure versus flow relationship.  
Pipe Selection. Pipelines must be sized to allow the system to attain some predetermined 
distribution uniformity and also must account for economics along with the available 
pressure of the system (Burt and Styles 2011). As far as economics go, the pipelines are 
sized to provide the lowest cost which accounts for the initial price of the pipe along with 
the power costs that are associated with selecting that pipe (Burt and Styles 2011). 
Depending on the system, the water source may have some inherent upper limit of 
pressure that can be supplied (Burt and Styles 2011). When designing a pressurized 
system, the critical path is used. The critical path is defined as the hydraulic path that has 
the greatest pressure requirement from the water source (Burt and Styles 2011). Once the 
critical path is determined, it is important that no side segments are sized so small that the 
pressure requirement is higher than that required by the critical path (Burt and Styles 
2011). In order to determine the pressure requirements for different points in the field and 
find the critical path, the Bernouli equation is used. The equation is as follows (Burt 
2012): 
 
            
   
 
  
            
   
 
  
                               (6)                                                                          
where, 
  US = upstream 
  DS = downstream 
  P = pressure 
  V = velocity 
  g = acceleration due to gravity 
  Hf = pressure loss due to friction 
 
This equation allows for calculation of different pipeline water pressures at different 
points in the field while accounting for changes in elevation, velocity heads, loss of 
pressure due to friction, added pressure from a pump, and pressure changes from minor 
losses. The elevation changes can be found by acquiring a survey of the field. If there is a 
pump in between two points, the additional pressure which the pump supplies must be 
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obtained. Minor losses account for pressure loss through a valve or fitting. Values of 
these losses will vary with change in velocity and K value (which depends on type of 
valve). K values are published in books such as ITRC’s Basic Hydraulics book. To find 
the pressure loss due to friction in the pipe the Hazen Williams formula, shown below, 
can be used (Burt 2012). 
 
                         
   
 
 
     
 
 
   
   
 
        
                                    (7) 
where, 
  Hf = friction, feet 
  L = pipe length, feet 
  C = roughness factor 
  ID = inside diameter of pipe, inches 
  GPM = flow rate, gallons per minute 
 
Filtration System. Filtration allows for the filtering out of solids such as sand, silt and 
clay, aquatic growth such as algae and fish, and trash such as plastic bottles, 
tumbleweeds, weed seeds, and rags (Burt and Styles 2011). Unfiltered water can result in 
damaging pumps and clogging emitters. For drip and micro irrigation, it is recommended 
that all particles 1/10
th
 or greater of the diameter of the emission holes be filtered out 
(Burt and Styles 2011). For microsprayers with larger and simpler orifices, in comparison 
to drip/micro orifices, the removal of particles 1/7
th
 or greater than the orifice diameter is 
generally considered sufficient (Burt and Styles 2011). The addition of a filtration system 
prevents the nozzles from clogging. If a nozzle experiences a clog, the distribution 
uniformity of the system will be affected and plants around the area of the clog will 
receive less water. Different types of filtration systems are capable of filtering different 
size particles out of the water. Filters can be used as pre-filtration (used to separate out 
the larger particles) or polishing filtration (used to separate out large size and high 
quantity of water). Some common types of filtration devices include screen filters, 
centrifugal filters, disc filters, and media filters. The water quality and type irrigation 
system are factors used to determine the appropriate filtration system.  
 
Centrifugal Separator. A centrifugal separator is often used for pre-filtration and is 
commonly used in conjunction with another filter system. The centrifugal system is often 
referred to as a sand separator. It is important to remove sand from the water before it 
reaches the pump, because sand in the water will damage the impellers and bowls of the 
pump. It works by altering the water flow into a spinning motion, which separates the 
larger particles from the flow (Shuster 1999). Sand and other heavy particles (particles 
with a specific gravity of 1.5 gm/cc) are separated out (Burt and Styles 2011). However, 
centrifugal filters do not separate all of the sand from the system; therefore, it is common 
practice to install a screen or other filter downstream of the centrifugal separator. A 
centrifugal separator will not filter bacteria out of the system (Shuster 1999). Ideally, 
there is a pressure drop across centrifugal separator of 5-11 psi (Burt and Styles 2011). 
 
Screen Filter. Screen filters are a common filtration system used in irrigation systems 
that can be used as pre-filtration or as the primary source of filtration depending on the 
type of filter and type of irrigation system. This type of filter is capable of filtering sand, 
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sediment, and other solid particles (Shuster 1999). Depending on the size of mesh in the 
screen, different size particles will be filtered out. Figure 5 shows the different opening 
sizes corresponding to the different mesh sizes (Burt and Styles 2011). A higher value 
given for the mesh size will allow for filtration of particles to a smaller size. Gravity 
overflow screens are an example of a screen that can be used as a primary filtration or 
pre-filtration.  
 
 
Figure 5. Mesh to screen opening size. 
Disc Filter. The disc filtration systems utilize a series of grooved discs that catch 
particles floating in the water. Disc filters are effective at filtering out both debris and 
algae from the water (Shuster 1999). The grade of filtration depends on the number of 
grooves in the individual grooved rings. Typical options of the grade of filtration usually 
consist of 40, 80, 120, 140, and 200 mesh (Burt and Styles 2011). In situations where 
small flow rates occur (less than 25 GPM), disc filters are often used because they have a 
much larger dirt holding capacity than screen filters, and media tanks are not typically 
available at reasonable prices for low flow rates (Burt and Styles 2011). A negative 
aspect of using a disc filter is the high pressure requirement for backflushing the system. 
Often times a booster pump is required to be installed to supply this high pressure 
requirement for backflushing (Burt and Styles 2011). Also, a small disc control filter used 
for the control mechanism must be manually cleaned, which adds to the labor 
requirement (Burt and Styles 2011). The volume of water used in backflushing is 
typically less than that required for media filters (Burt and Styles 2011). Disc filters 
typically have trouble filtering out sand, gravel, and stringy algae (Burt and Styles 2011).   
 
Sand Media. Sand media tanks have been the most popular filter for dirty water (Burt 
and Styles 2011). They are excellent at removing organic matter and are frequently the 
choice when there is a high dirt load of organic and/or inorganic material (Burt and Styles 
2011). However, clays and very fine silts are not typically removed with these media 
filters (Burt and Styles 2011). Depending on the quality of water, pretreatment of the 
water may be necessary. This is because debris that enters the tank must be small enough 
to pass though the diffuser plates, valves, and backflush mechanisms (Burt and Styles 
2011). The system consists of pressurized tanks filled with sand. There are small holes in 
the bottom of the tank that allow water to flow out, while retaining the organic material 
(Shuster 1999). The sand media in the tank is available in sizes ranging from 12-48 inch 
diameters which allows for filtration of irrigation systems with different flow 
requirements. A minimum of two tanks are required in a system to allow for 
backflushing. Depending on type and size of media used in the tank, different size 
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material will be filtered out. Figure 6 shows the equivalent mesh size with relation to the 
type and size of material used (Burt and Styles 2011).  
 
 
Figure 6. Filtration capacity with relation to media type.  
Not only will media type affect the filtration capability, but the flow rate going through 
the filter will also play a role. With higher flows, the capability to filter out smaller 
particles will decrease. Figure 7 demonstrates this general relationship (Burt and Styles 
2011). 
 
 
Figure 7. Relationship of filtration and bed flow rate.  
Pump Selection. The irrigation pump selected is a key component of the efficiency of 
the system. The different types of pumps used in irrigation include centrifugal, deep well 
turbine, submersible and propeller pumps (Scherer 1993). Each pump has different 
positive and negative aspects. Pumps must be selected to provide the necessary flow at 
the needed pressure.  
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Pumps are rated with the amount of water horse power (WHP) that they are capable of 
applying. To determine the water horsepower of a pump, both the flow and the total 
dynamic head must be known. The target flow of the pump will be a value the engineer 
previously calculates based on crop water needs and emitter flow. The total dynamic head 
is a function of the location of the water source, pressure requirement, along with other 
losses that come with use of the system.   
 
The total dynamic head is the sum of the total static head, pressure head, friction head, 
and drawdown (Scherer 1993). The static head consists of the total vertical distance that 
the pump must move the water. The static head is the distance from the water surface to 
the point of discharge. The pressure head of the system is the required pressure that the 
system must have to operate. Depending on the type and size of the system used, the 
pressure head requirement may have a larger or smaller value. Friction head is the loss of 
pressure from friction created between the moving water and the pipe walls (Scherer 
1993). This value is highly dependent on the velocity of the water. With a higher velocity 
of the water in the pipe, there will be a greater amount of friction. The draw down in a 
system is the amount the water level decreases from the static water level due to suction. 
Once all four of these values are added together, the total dynamic head requirement for a 
pump will be known.    
 
After both the flow and the total dynamic head of the system are found, the water horse 
power required can be calculated with the equation shown below (Scherer 1993).  
 
    
       
    
                                                                            (8) 
where, 
  WHP = water horse power 
                        Q = flow rate (cubic feet per second) 
                        TDH = total dynamic head 
 
This value is the amount of horsepower that the pump must be capable of creating to 
accommodate the specific system. However, due to the fact that pumps do not operate at 
100% efficiency, another term, brake horsepower, must be considered when selecting a 
pump. The brake horsepower is the actual horsepower that a pump is capable of applying 
while taking into account losses in the pump system (Scherer 1993). The equation of the 
brake horsepower is shown in Equation 9. 
 
       
   
                    
                                                           (9) 
where, 
BHP = brake horse power  
WHP = water horse power 
 
The drive efficiency is the efficiency of the drive unit between the power source and the 
pump. Depending on the connection of the drive a different value will be used. A value of 
1 will be used for a direct connection, a value of 0.95 will be used for a right angle drive 
connection, and the value of belt drives can vary from 0.7 to 0.85 (Scherer 1993). The 
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pump efficiency will vary depending on the selected pump and the flow rate which it is 
operating at. Pump curves, an example is shown below in Figure 8 (Scherer 1999), are 
used to determine the efficiency of the pump. 
 
 
Figure 8. Pump efficiency curve  
With knowledge of the pump flow rate, total head, pump horsepower, and diameter of 
impellers the pump efficiency can be found on graphs such as the one displayed in Figure 
8.  
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PROCEDURES AND METHODS 
 
Water Source. A 300 foot deep well located on the Jaqua’s property is currently used for 
residential water supply. This well was referenced to get an idea of what water flow and 
quality to expect from the future well that will be drilled to provide irrigation water. A 
well report conducted by Cleath-Harris Geologist in 2011, which can be found in 
Appendix C, provides information regarding well capacity and water quality. Cleath-
Harris Geologists (2011) advises if the water in the well were to be used for irrigation 
purposes a high salt content, primarily due to a large amount of chloride in the water, 
would cause problems. Chloride is essential to the plants in small amounts, but it can be 
toxic to plants at high concentrations (Bauder 2011). Table 3 shows general effects of 
chloride on crops with different concentrations of chloride (Bauder 2011).  
 
Table 3. General crop response with chloride concentration. 
Chloride (ppm) Effects on crops 
Below 70 Generally safe for all plants 
70-140 Sensitive plants show injury 
141-350 Moderately tolerant plants show injury 
Above 350 Can cause severe problems 
 
 Also, the water’s high pH of 7.2 could cause problems (Cleath-Harris 2011). Having a 
basic solution means that the water has more OH- ions than H+ ions, which reduces the 
availability of plant nutrients such as phosphate, ammonia, iron, and trace metals (Addy 
2004). High water pH also can result in clogging of emitters (Cleath-Harris 2011). The 
desired range of pH in the water is between 5.4 and 6.7 (Cleath-Harris 2011).  Sulfuric 
acid can be added to the water to prevent emitter plugging and/or as a soil amendment to 
adjust soil pH to improve nutrient availability and to facilitate leaching of salts (Cleath-
Harris 2011). 
 
It is listed in the well report that the well is drilled past a shallower aquifer that has 
potential to produce less saline water at a higher flow rate (Cleath-Harris 2011). 
According to Ned Thompson of Filliponi and Thompson Drilling (2013), the reason for 
drilling past this first aquifer is most likely for lack of knowledge of its existence; there 
are no aquifer rights around this area that would prevent the Jaquas from accessing this 
aquifer.   
 
Soil Type. The property is located at 5050 Edna Road in San Luis Obispo. To obtain the 
soil type, the Natural Resource Conservation Service (NRCS) website was used. The type 
of soil at this location is a Tierra Sandy Loam with slopes ranging from 2-9%. The 
information acquired classifies soil properties as a whole. The soil is classified as 
moderately well drained. The average depth to the water table is more than 80 inches. 
The soil is classified as nonsaline with no salinity in the top layer of the soil and a rating 
of 0.3 mmhoms/cm for all layers. The available water capacity is very low, and has a 
value of about 1.2 inches. The typical soil profile for this location is as follows: 0-11 
inches consists of a sandy loam, 11-42 inches consists of a clay soil, and 42-60 inches 
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consists of a sandy clay loam. The NRCS lists that this location receives a mean annual 
rainfall ranging from 16-24 inches. The mean annual air temperature is 57ᵒ F. It has a 
frost free period ranging from 275-350 days. NRCS also defines the soil as having no 
limitations to the use of a drip irrigation system. The soil does not contain noticeable 
amounts of calcium carbonate. The cation-exchange capacity of the soil as an entirety is 
rated at 25.2 millequivalents per 100 grams. The soil is rated to have 0 percent gypsum. 
The soil has a pH rating 6.1. The soil has a sodium adsorbtion ratio of 0.  
 
Crop Type. The variety of wine grape was selected to be a Pinot Noir. Given the soil 
type, this decision was based on advice given by Scott Williams of Pacific Vineyards 
(2013) along with supporting research of published material discussed in the Literature 
Review of this report.  
 
Field Map.  In order to correctly engineer an irrigation system for the field, a field map 
had to be obtained with relative elevations and distances. Since there was not an existing 
field map, a basic survey was conducted to obtain the desired data. The Total Station was 
the device used to conduct the survey. To begin the survey, the device was located at a 
corner of the field where the entire field could be viewed. A permanent landmark, in this 
case a valve cap, was recorded to provide a reference point. The instrument height and 
rod height were recorded. During the survey 42 points spread across the field were taken. 
Some of the points taken on the edge of the field required the prism height to be elevated 
off the ground due to the instrument being out of sight from high elevations in the middle 
of the field. To account for elevation of the prism, a tape measure was used to record the 
raised distance. Each of the point’s elevation and distance from the Total Station were 
recorded on a notepad and then transposed onto AutoCAD Civil 3D to create a 
topographic map. This map provided the information needed to design the irrigation 
system with respect to the land’s topography. 
   
A picture of the map is displayed in Figure 9. The field is 2.4 acres, with 250’ bordering 
the horizontal edges and 420’ bordering the vertical edges. The red numbers represent the 
relative elevations and the white lines represent contours.  
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Figure 9. Topographic map of field. 
Row and Plant Spacing. The plants will be spaced 4 feet apart with 8 feet between each 
row. The rows are oriented in the North-South direction to allow the plants to receive 
even amounts of sunlight. This design is based on the recommendations by Scott William 
(2013) for a Pinot Noir. The field was designed so that there is enough space between the 
edge of the field and any obstructions to allow for tractors to turn around. When deciding 
where to end the rows, if there was a plant within a foot of being outside of the 
designated border it was kept. The total amount of plants was calculated to be 3317 
plants.  
 
Soil Wetted Volume. A certain target soil wetted area is to be decided upon by the 
designer. A typical value for this is a 60% wetted volume (Burt and Styles 2011). With 
drip systems, the lateral movement of the soil will depend on soil type. Table 4 shows a 
general trend of lateral movement of water with the varying soil type (Burt and Styles 
2011). The soil type is a loam and given the plant and emitter spacing, the percent soil 
wetted volume will exceed the target of 60%; this is shown in the beginning of Appendix 
B. 
18 
 
 
Table 4. Lateral movement of water related to soil type. 
  
 
 
 
 
 
 
 
Design ET. In order to design for the maximum flow rate the system will be required to 
deliver the maximum ET in a month needed to be found. Cal Poly’s ITRC provides data 
for ET for a reference crop as well as other crops as shown in Table 5. It is recommended 
that a typical year be selected and Table 5 is of typical year for Zone 3 (San Luis Obispo 
is included in Zone 3). A canopy cover of 40% was selected including a cover crop, as 
cover crops are seen in many neighboring vineyards. The value of 2.69 inches shown in 
Table 5 represents the maximum value in which the system will be designed to handle on 
a per month basis. This value accounts for rain when selecting the maximum amount of 
water the system will be required to supple i.e. July lists a higher ET value, but also has 
more rain than August which results in a lower water requirement.   
 
Table 5. Grape ET values with varying canopy cover on a typical year. 
 
1997 (Typical Year) 
 
June July August September 
 
inches inches inches inches 
Precipitation 0.33 0.01 0 0.02 
Grass Reference ETo 8.18 8.35 7.33 5.72 
Grape Vines with 40% canopy 2.4 1.99 1.89 1.66 
Grape Vines with cover crop (40% canopy) 2.88 2.52 2.69 2.59 
Grape Vines with 60% canopy 3.6 3.02 2.62 1.95 
 
In order to double check that these values ITRC list are accurate, the CIMIS station’s 
monthly average values provided on the CIMIS website were accessed. CIMIS’s table for 
San Luis Obispo’s (Station 52) average monthly ET is displayed below in Table 6. Their 
average monthly ET values list an annual average which is approximately 6 inches lower 
than the table listed on ITRC’s website for the reference crop, which is reasonable.  
 
Table 6. CIMIS Station 52 average monthly ET. 
 
 
System Flow Requirement. In order to determine the maximum flow requirement the 
pump must supply, the monthly value of ET is broken down into a daily requirement. The 
daily requirement was determined to be 0.087 in/day from calculations shown in Step 2 
of Appendix B. Once the daily irrigation requirement for the field was obtained, the 
  
Additional Lateral Movement 
for Drip (ft) Soil Type 
Coarse Sand 0.5-1.5 
Fine Sand 1.0-3.0 
Loam 3.0-4.5 
Heavy Clay 4.0-6.0 
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available hours the system can operate must be considered. For this system, the hours 
available for operation was essentially 24 hours since the irrigation water is supplied 
from a well. However, a target maximum of 4 hours per day was selected. This limit of 4 
hours was selected because having the system operate for no less than 4 hours per day 
will allow for the system to operate between the hours of 8AM and 12 PM. This allows 
the system to operate during non-peak hours (12PM-6PM during the summer as listed on 
PGE website) and provides reasonable hours of operation in which someone can oversee 
that the system is operating correctly. A target emitter flow rate was decided as 0.5 gph. 
This flow rate is one of the lower flow rates for an emitter (lowest offered online emitter 
displayed the Netafim website) and allows the required pump flow rate to remain lower 
than which would be demanded if a higher flow rate emitter was selected. By knowing 
the daily ET required and the average emitter flow rate, the hours were manipulated so 
that the ET and the desired 0.5 gph were matched. This resulted in operating hours of 
2.16 hours per day during peak ET, which is less than the maximum target of 4 hours. 
With this data, the pump would be required to supply 55.3 gpm.  
 
Emitter/Lateral Selection. The emitter flow rate was decided in the previous step and 
now it is matter of selecting pressure compensating emitters versus non-pressure 
compensating emitters. Pressure compensating emitters allow for the flow rates to remain 
relatively constant without having to worrying about varying inlet pressures, whereas 
non-pressure compensating emitters require pressure calculation to determine the 
distribution uniformity of the system given the specifications of the field and hose 
selection. In order to first determine if pressure compensating emitters are necessary, 
ITRC’s drip hydraulics program was used. Knowing the desired emitter flow rate, 
available lateral sizes were inserted into the drip program to determine if non-pressure 
compensating emitters are a viable option. A target of 0.95 was decided on for the laterals 
in order to maintain a system DU of 0.92. The longest section of lateral was inserted into 
the program. Many other variables were also inserted into the program, which can be 
seen in Step 5 of Appendix B. It was determined that hose diameters ranging from 0.50-
0.65” will result in a DU above a desired 0.95 using polyethelene tubing. Sizes of tubing 
were selected from Netafim’s website. The drip tube with a diameter of 0.57” resulted in 
the highest DU of 0.96. This will allow for non-pressure compensating emitters to be 
used.   
 
Mainline Selection. In order to select the mainline, the allowable pressure change along 
the mainline must first be determined. In order to determine this value, the equation in 
Step 6 of Appendix B was used. It was determined that a maximum allowable pressure 
change of 2.71 psi must not be exceeded along the mainline. The mainline is broken up 
into a vertical section and a horizontal section. The vertical section was first analyzed. 
Initially, the different sized pipes available were checked to ensure that velocities did not 
exceed 5 feet per second. After this was ensured, the pipe diameters were altered to 
achieve the lowest possible pressure change along the mainline, while keeping in mind 
pipe economics. A pressure change of 0.50 psi along the mainline was achieved. Next, 
the horizontal mainline was sized. The same process was conducted on this mainline. 
Due to a steep downhill slope in the direction of flow the change in elevation added more 
pressure than friction subtracted, resulting in the smallest diameter pipe creating the 
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smallest change in pressure along the mainline. A maximum pressure change of 0.20 psi 
was achieved along the horizontal mainline, which is far below the target of 2.71 psi 
allowable. Mainline sizing can be viewed in Step 7 of Appendix B.   
 
Filtration Selection. A disc type filter was selected. The reason for selecting a disc filter 
is its ability to provide a high level of filtration at low flow rates. The Netafim 2” LP 
Disc-Kleen filter with 2 filters was selected. Having two filters allows for one to back 
flush while the other filter continues to clean the water. This filter is automated which 
will allow for low maintenance. It should be noted that if there is a high amount of sand 
in the well water, the disc filters will be damaged. If discs require frequent replacement 
due to sandy water, it is advised to incorporate some sort of pre-filtration to filter out the 
sand.  
 
To ensure that emitters do not clog the appropriate discs must be selected. In order to 
determine the size of particles which must be filtered out the rule of 1/10
th
 the emitter 
opening was used. This resulted in a filtration requirement of filtering particles 97 
microns or larger. Calculation for this can be seen in Step 9 of Appendix B. The brown 
discs, which filter out particles larger than 70 micron, were selected.  
 
Pump Selection. The required pump flow rate was determined to be 55 gpm based on the 
emitter flow rate and number of emitters. In order to correctly select an appropriate 
pump, the total dynamic head must be calculated as discussed in the Literature Review. 
The values used to calculate the TDH are shown in Table 7. A value of 51.4 psi for the 
TDH was calculated. Franklin Electric’s website was used to size the pump. Based off the 
pressure and flow requirements, the stainless steel 100STS6 5 horsepower pump was 
selected. The 3 horsepower pump would have been sufficient for normal operation, but 
when the filter backflushes a larger sized pump is needed to meet pressure and flow 
requirements. This is a submersible pump. As shown on the pump curve in Figure 10, this 
pump will supply 55 gpm at about 70 psi (Franklin Electric 2013). This combination is 
adequate even with the pressure supplied being higher than the desired pressure because 
the additional pressure will be adjusted at the entry into the mainline with pressure 
regulators.  
 
Table 7. Values used to calculate TDH. 
Pressure required at inlet of field 15.32 psi 
Filter head loss 1.3 psi 
Minor Losses 5 psi 
Standing water level 20.1 psi 
Drawdown 8.7 psi 
Hf 1 psi 
TDH 51.4 psi 
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Figure 10. Pump curve for 100STS6. 
Leaching Requirement. To find the additional amount of water needed to be applied due 
to salinity, a leaching requirement was calculated with Equation 10 (Burt 2011). 
 
   
   
            
         (10)  
where,  
  LR = leaching requirement 
ECw = electrical conductivity of the water 
  ECe = threshold EC 
  
Using this equation with the value of 2.68 dS/m for the EC of the water and a threshold 
EC of 1.5 dS/m, the leaching requirement for the field is 0.56.  This is a really high value 
for leaching requirement. It must be kept in mind that the EC of the water is not 
anticipated to be this high, since the new well drilled will access an aquifer with water 
containing a lower salt content. This calculation analyzes the scenario if the existing well 
were to be used for irriagation.  
 
               
                                 
                                  
   
         
   (11) 
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The annual amount of irrigation water which is needed for leaching purposes can be 
calculated using the equation above (Burt and Styles 2011). Using annual ET values 
(40% canopy) from Table 5 and average precipitation rates for San Luis Obispo provided 
by weather.com (a value of 23.28 inches), in combination with the leaching requirement 
previously calculated and a target irrigation efficiency of 0.92, a value for the gross 
amount of water to apply per year for leaching is 6.15 inches.  
 
Air Vents. Air vents are required on all drip and micro systems because they allow for 
release of the large volume of air created on startup. Air vents also prevent water hammer 
and air blockages with continuous release of air during operation as well as prevention of 
vacuums in the lines after shutoff (Burt and Styles 2011).  
 
A large orifice, non-continuous acting air vent (LAV) will be located at after the well 
pump to remove air introduced to the system during startup. A continuous acting air vent 
(CAV) will be locating at the head of Row 55 as this is a high point in the field and will 
provide continuous removal of air from the system during operation  
 
Chemigation Valve. A chemigation valve will be located just upstream of the disc 
filters. The reason for its location is to allow the disc filter to remove any large particles 
the chemigation unit might introduce. Sulfuric acid will be introduced into the system 
through this valve. The reason for the application of sulfuric acid is to lower the pH and 
reduce emitter clogging.   
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RESULTS 
 
The 3 acre drip irrigation design was completed. The system will be run with a single set. 
It is capable of operating a little more than 2 hours a day (given that it operates 7 days a 
week) to fulfill the irrigation needs during the month with peak ET. 
 
 The emitters were selected to be non-pressure compensating as it was proven in the 
design that non-compensating emitters were sufficient to supply the desired design DU. 
Using pressure compensating emitters is an option to increase the DU of the system, but 
the price of pressure compensating emitters is typically more than that of non-pressure 
compensating emitters. Netafim’s 0.5 gph non-compensating Button Drippers were 
selected. Each vine will receive water from 2 emitters.  
 
Laterals were sized to promote the highest DU. A 0.57” diameter drip hose made of 
polyethylene tubing was selected. This size tubing was selected based on running ITRC’s 
drip hydraulics program to find the diameter which would create the highest DU given 
the lateral’s flow and elevation characteristics. 
 
The mainline was sized to promote the highest DU while keeping economics in mind. 
Both horizontal and vertical mainlines utilize Class 125psi, SDR 32.5 PVC pipe. Figure 
10 shows the location of both the vertical and horizontal mainline.  
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Figure 11. Field map with labeled mainlines. 
The vertical mainline was sized with larger diameters in the sections with a higher flow 
rate (closer to the pump) and smaller diameters with the lower flow rates (further from 
the pump). This reduction in the diameter of the mainline minimized the amount of 
change in pressure while accounting for elevation and flow changes. The vertical 
mainline sizing is shown in Table 8. Section 0 represents the section of mainline 
delivering water through a pressure regulator to the first lateral; this distance will be 
relatively short and can be ignored in analysis. 
 
 
 
Well 
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Table 8. Vertical mainline sizing 
  
Length 
(feet) 
Nom. ID 
(in) Row Section 
22 0 - 2.5 
23 1 12.45 2.5 
24 2 12.45 2.5 
25 3 12.45 2.5 
26 4 12.45 2.5 
27 5 12.45 2.5 
28 6 12.45 2.5 
29 7 12.45 2.5 
30 8 12.45 2.5 
31 9 12.45 2 
32 10 12.45 2 
33 11 12.45 2 
34 12 12.45 2 
35 13 12.45 2 
36 14 12.45 2 
37 15 12.45 2 
38 16 12.45 2 
39 17 12.45 2 
40 18 12.45 2 
41 19 12.45 1.5 
42 20 12.45 1.5 
43 21 12.45 1.5 
44 22 12.45 1.5 
45 23 12.45 1.5 
46 24 12.45 1.5 
47 25 12.45 1.5 
48 26 12.45 1.5 
49 27 12.45 1.5 
50 28 12.45 1.5 
51 29 12.45 1.5 
52 30 12.45 1.5 
53 31 12.45 1.5 
54 32 12.45 1.5 
55 33 12.45 1.5 
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The horizontal mainline was also sized to minimize the pressure change while accounting 
for changes in pressure due to flow and elevation changes. Table 9 shows the sizes 
selected. Since there was a steep decrease in elevation as the horizontal mainline 
progressed, the smallest diameter pipe available supplied the least amount of pressure 
change. Section 0 represents the section of mainline delivering water from a pressure 
regulator to the first lateral; this distance will be relatively short and can be ignored.  
 
Table 9. Horizontal mainline. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The pump system was selected specifically to fulfill the needs of the entire irrigation 
system. It accounted for both pressure and flow requirements of the system. The 
100STS6 manufactured by Franklin Electric was the well pump selected for this design.  
 
The calculation for annual cost of running this pump is shown in Step 12 of Appendix B. 
Annual ETc rates and precipitation rates were referenced from ITRC for Zone 3, the 
pump curve given by Franklin Electric was referenced for pump efficiency and Franklin 
Electric’s website was referenced for motor efficiency in order to calculate the cost. An 
annual cost of $563.19 was calculated.  
  
Length 
(feet) 
Nom ID 
(in) Row Section 
21 0 - 1.25 
20 1 11.89 1.25 
19 2 11.89 1.25 
18 3 11.89 1.25 
17 4 11.89 1.25 
16 5 11.89 1.25 
15 6 11.89 1.25 
14 7 11.89 1.25 
13 8 11.89 1.25 
12 9 11.89 1.25 
11 10 11.89 1.25 
10 11 11.89 1.25 
9 12 11.89 1.25 
8 13 11.89 1.25 
7 14 11.89 1.25 
6 15 11.89 1.25 
5 16 11.89 1.25 
4 17 11.89 1.25 
3 18 11.89 1.25 
2 19 11.89 1.25 
1 20 11.89 1.25 
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For filtration, Netafim’s 2” LP-Disc Kleen filter was selected with two filters on the 
system. This filter will be sufficient as long as there is not a high level of sand in the 
system.  
 
After the design was completed, a cost analysis was conducted to provide a cost of the 
system. A summary of the cost analysis is shown in Table 10 below.  
 
Table 10. Cost analysis. 
Emitters $1,260.46 
Laterals $1,856.79 
Mainline $445.89 
Fittings $1,104.18 
Pressure Regulators $915.92 
Filter $9,000.00 
Chemigation Valve $1,300.00 
Pump $4,077.00 
Vents/valves $1,655.18 
  
Total $21,615.42 
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DISCUSSION 
 
This design was based on the assumption that a new well can be drilled to access an 
aquifer with better quality water at a higher flow rate than the current well which is used 
for domestic purposes. Prior to concluding the design is sufficient, the new well should 
be drilled and tested for water capacity and water quality. It is possible that the design 
will need altering due to the new found well conditions, or even be discarded as an option 
due to too high salinity content of the water. If the salinity content is too high a new 
water source must be found. The quality of water will also affect the need for including 
additives into the water.  
 
For the selection of the pump, many assumptions were made to calculate the total 
dynamic head. The value of minor losses was estimated based off values seen in other 
designs. This minor loss value is assumed to be a high estimate given the lower flow of 
the system. The water depth used in calculating the total dynamic head was that which is 
recorded in the well report for the current well. The actual water depth of the future well 
could be different. The drawdown the well will experience is not known and a value that 
is seen in typical pumps was assumed. The friction which will occur in the pump will be 
a function of how deep the pump is among other factors; the value used in calculation 
was an estimated value based of the flow rate and pipe diameter.  
 
Many of the design aspects, such as plant and row spacing and variety of wine grape 
were based on the advice of local vineyard manager Scott Williams. This advice can be 
regarded as sound due to the fact that he operates successfully on land which is adjacent 
to the property.  
 
The design was based off of Netafim products displayed on their website and cost was 
not taken into serious consideration when selecting products. It is possible that products 
other than the ones selected are offered at lower prices and similar quality. 
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RECOMMENDATIONS 
 
 
Before serious consideration is taken into the investing in this project, a well drilling 
company, such as Filliponi and Thompson, should be hired to drill a new well. After this 
has been done, pump tests should be conducted by a company such as Farm Supply to 
ensure that the well is capable of supplying the needed flow. Water quality analysis of the 
well should be conducted by a company such as Cleath-Harris Geologist. It is essential 
that it is determined that there is a water source that is capable of delivering the demands 
which the crop requires before installing an irrigation system.  
 
In order to have full confidence in the design, a professional survey should be conducted. 
The survey conducted was meant to serve as a tool to get a good idea of what the field’s 
boundaries and slopes are; however, a more in depth survey will allow for design of a 
system which truly maximize the available area and provide exact slopes for calculating 
more accurate changes in pressure.   
 
It is possible that a high amount of sand will be found in the water. If this occurs, an 
additional filter should be incorporated into the system to filter out the sand. Ideally, this 
filter would be automated to minimize the maintenance of the system.  
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APPENDIX A   
 
HOW PROJECT MEETS REQUIREMENTS FOR THE BRAE MAJOR 
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Major Design Experience 
 
The BRAE senior project must incorporate a major design experience. Design is the 
process of devising a system, component, or process to meet specific needs. The design 
process typically includes the following fundamental elements. 
 
Establishing of Objectives and Criteria. The objectives of this project are to provide a 
drip design of a vineyard system which allows maximum control of the system and has 
the capability of applying water with a high distribution uniformity. The selection of 
components are based on field and crop specifics. 
 
Synthesis and Analysis. The project included analysis of soil, ET rates, field elevation 
and costs calculations. Hydraulics of the system were accounted for in developing the 
design. 
 
Construction, Testing and Evaluation. This project is strictly a design project. 
 
Incorporation of Applicable Engineering Standards. This project used various 
ASABE standards based on design and regulation for drip irrigation systems.   
 
Capstone Design Experience 
 
The engineering design project is required to be based on knowledge and skill acquired in 
earlier coursework. The project incorporates skills from BRAE 151 Auto CAD, BRAE 
236 Principals of Irrigation, BRAE 239 Engineering Surveying, BRAE 312 Water 
Hydraulics, BRAE 331 Irrigation Theory, BRAE 414 Irrigation Design, SS121 
Introduction to Soil Science, and ENG 149 Technical Writing.  
 
Design Parameters and Contraints 
 
This project addresses a significant number of the categories of constraints listed below. 
 
Physical. The field size (2.4acres) is set and cannot be changed. 
 
Economic. This project selected component sizes to minimize the cost while providing 
the necessary requirements. 
 
Environmental. This design allows water to be beneficially used to apply the necessary 
irrigation water. Harmful chemicals are not introduced to the soil. 
 
Sustainability. The system is capable of lasting many years while still maintain a high 
distribution uniformity of water. 
 
Manufacturability. N/A this design is based of constraints specific to this field and 
cannot be transferred to another. 
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Ethical. N/A 
 
Social. N/A 
 
Political. N/A 
 
Aesthetic. N/A 
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APPENDIX B  
       
EXCEL DESIGN 
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Jaqua Vineyard Design Roman Ferro
Soil type: Tierra sandy loam 4/15/13
Field Acreage: 2.4 acres
Slope: (Topo created)
~ 5.3 ft/100ft SE to NW (bottom of field as oriented on map)
~ 0.2 ft/100ft SW to NE (right side of the field as oriented on map)
~ 2.95 ft/100ft S to N (majority of field)
Row and plant spacing: 8'x4'
32 ft^2
Well location: Bottom right corner of map (Most Southern point. Displayed on map as a circle.)
Trellis system: VSP
34" tall cordon wire
44" and 54" tall catch wires
Stakes every 16' with rebar support inbetween
Vine alignment: North-South
Number of plants: 3317
Emitter flow: 0.5 gph
Number of emitters per plant: 2
Emitter spacing: 24 inches
Peak ET: 2.69 in/mo Average Year ETc for Wine Grape in Zone 3 canopy cover 40%
Design DU: 0.92
Future DU: 0.8
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53
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Step 1. Soil wetted volume
Must account for lateral movement:
Soil Type
Heavy Clay
Loam
Fine Sand
Coarse Sand
Additional Lateral Movement for Drip (ft)
0.5-1.5
1.0-3.0
4.0-6.0
3.0-4.5
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
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The number of emitters was selected to be 2 based on a recommendation by a local grower. It is their standard that they use 2 emitters per 
plant, spaced 1 foot on either  side of the vine.  With the 4'x8' spacing, this leads to emitters every 2 feet. Due to the so il being a loam and 
referencing the Additional Lateral Movement table provided by Burt and Styles 2011, even if the water were to move the minimum of 3 feet 
(the soil type being a loam), the percent wetted area would be greater than 60%. The CAD drawing depicts the emitters, plants  and their 
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Step 2. ET per day
ET: 0.087 in/day
Step 3. Estimate the GPH per vine required/ select emitter's required flow
Emitter: 0.5 gph (arbitrarily selected)
Hours of operation: 2.16 hours/day
GPM:
Net GPM = 0.013
Net GPH = 0.800
Gross GPH= 1.00 gph per vine
0.500 gph per emitter
Since the source of water is a well, we can pretty much set our own hours of operation. I decided to try and keep the hours of operation to 4 
hours or lower. This allows the for the system to operate from 8 -12 during the day which allows for operation off of peak hours (12-6pm) while 
keeping the operation time convient for someone to oversee the operation.  The hours of operations were manipulated to achiev e the emitter 
flow rate of .5gph while accounting for the ET/day given. The 0.5gph emitters were  selected on the thought that having an em itter with a lower 
gph will allow for a pump with lower gpm supply. Due to the small size, the system it is capable of operating on one set.  
 
139
140
141
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144
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147
148
149
150
151
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153
154
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159
160
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170
171
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173
174
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Step 4. Calculate lateral flow
Row Length (feet) Plants Emitters Flow (GPH)
1 16 5 10 5.00 0.08
2 36 10 20 10.00 0.17
3 52 14 28 14.00 0.23
4 72 19 38 19.00 0.32
5 88 23 46 23.00 0.38
6 108 28 56 28.00 0.47
7 124 32 64 32.00 0.53
8 140 36 72 36.00 0.60
9 160 41 82 40.99 0.68
10 176 45 90 44.99 0.75
11 196 50 100 49.99 0.83
12 212 54 108 53.99 0.90
13 232 59 118 58.99 0.98
14 248 63 126 62.99 1.05
15 268 68 136 67.99 1.13
16 284 72 144 71.99 1.20
17 304 77 154 76.99 1.28
18 320 81 162 80.99 1.35
19 336 85 170 84.99 1.42
20 356 90 180 89.99 1.50
21 372 94 188 93.99 1.57
22 388 98 196 97.99 1.63
23 388 98 196 97.99 1.63
24 388 98 196 97.99 1.63
25 388 98 196 97.99 1.63
26 388 98 196 97.99 1.63
27 388 98 196 97.99 1.63
28 388 98 196 97.99 1.63
29 388 98 196 97.99 1.63
30 388 98 196 97.99 1.63
31 388 98 196 97.99 1.63
32 388 98 196 97.99 1.63
33 388 98 196 97.99 1.63
Flow 
(GPM)
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
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34 384 97 194 96.99 1.62
35 364 92 184 91.99 1.53
36 348 88 176 87.99 1.47
37 328 83 166 82.99 1.38
38 312 79 158 78.99 1.32
39 292 74 148 73.99 1.23
40 276 70 140 69.99 1.17
41 256 65 130 64.99 1.08
42 240 61 122 60.99 1.02
43 220 56 112 55.99 0.93
44 204 52 104 51.99 0.87
45 188 48 96 47.99 0.80
46 168 43 86 42.99 0.72
47 152 39 78 39.00 0.65
48 132 34 68 34.00 0.57
49 116 30 60 30.00 0.50
50 96 25 50 25.00 0.42
51 80 21 42 21.00 0.35
52 60 16 32 16.00 0.27
53 44 12 24 12.00 0.20
54 24 7 14 7.00 0.12
55 8 3 6 3.00 0.05
Total 13048 3317 6634 3316.59 55.28
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236
237
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255
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260
261
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Step 5. Lateral selection
Velocity
Longest section: 388 feet
98 plants
196 emitters
98.0 GPH
1.63 GPM *Sizing based on availability of Netafim products. 
ID         
(in.) Area (ft^2) Q (cfs) Velocity (fps) "C" value
0.4 0.001 0.004 4.17 75 130
0.7 0.003 0.004 1.36 50 138
1.06 0.006 0.004 0.59 47 148
 Drip hydraulics program
The program accounts for pressure change due to:
Friction:
Elevation:
Target psi: 15.00 (based on .5gph optimal pressure for Netafim non-PC emitter)
Inputs:
type hose
ID varies inches
water temp 70 degrees F
emitter spacing 24 inches
cv 0.025
flow rate 0.5 gph
pressure 15 psi
discharge exponent 0.45
barb size 0.16 inch dia (small)
slope (downhill positive) 2.95 %
hose length 388 feet
extra length for expansion/ contraction 1.5 %
desired average flow 0.5 gph
emitters per plant 2
Max Op 
Pressure (psi)
Velocity in any pipe should not exceed 5fps. The longest lateral was analyzed because it will require the most flow  
and therefore have the highest velocities as long as all driplines are identical. Due to the low flow of drip emitters, 
it is obvious that velocity is of no concern even in the smallest dripline offered by Netafim.  
A cv of 0.025 was assumed since the Netafim website did not list such a value.  A discharge 
exponent of 0.45 was selected because the Netafim website does not list such a value. The ID 
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0.4" dia
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
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348
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351
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356
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359
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0.52" dia
362
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369
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0.7" dia
397
398
399
400
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403
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.4" dia .52" dia .7" dia
Emitter # Pressure Pressure Pressure
1 13.30 16 17.1
11 13.00 15.7 16.8
22 12.80 15.5 16.6
33 12.50 15.2 16.3
44 12.40 15 16.1
55 12.40 14.8 15.8
66 12.40 14.6 15.5
76 12.60 14.5 15.3
87 12.80 14.4 15
98 13.20 14.3 14.8
109 13.70 14.3 14.6
120 14.50 14.4 14.4
131 15.30 14.5 14.2
141 16.40 14.6 14.1
152 17.70 14.8 13.9
163 19.30 15.1 13.8
174 20.90 15.4 13.7
185 23.00 15.8 13.6
195 25.10 16.3 13.5
0.00 
5.00 
10.00 
15.00 
20.00 
25.00 
30.00 
0 50 100 150 200 250 
Pressure Along Lateral 
.4" dia 
.52" dia 
.7" dia 
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From the results shown above, the 0.52" drip tape provides the the highest DU. Drip tapes with 
similiar ID's to the 0.52" will now be tested to select the tape with the highest DU.  
The graph shows the change in pressure with respect to the emitter location along the lateral. Emitter number 1 is at the end of the 
lateral, and emitter 195 is at the head of the lateral. So if you are following the direction of flow along the lateral, it would go from right to 
left on the graph.  
 
With the .7" diameter hose, the pressure constantly raises as you proceed toward the end of the lateral. This is due to a small amount of 
friction existing in the pipeline consistintely being less than the rise in pressure due to elevation change.  This pressure in this hose is 
elevation driven.  
 
With the .52" diameter hose, the pressure gently dips down in the middle of the hose and then raises back up close to 15 psi. This is due 
to the friction being higher in the beginning from the high flow rates, then as flow drops off down the lateral the pressure increase from 
elevation is able to overcome this decreasing rate of friction at about the middle of the hose. This results in a high distribution uniformity, 
and this hose exhibits a good balance between elevation and friction.  
 
With the .4" diameter hose, the loss due to friction is quite high in the begginning due to high velocities.  About 2/3 down the hose the 
decrease in pressure from friction is equal to the increase pressure from elevation.  This results in a lower DU than would occur if the 
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0.57" dia
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0.6" dia
0.52" ID is the closest to the 0 .4" ID as listed on Netafim's website, so ID's between 0.52" and 0.7" were analyzed. From these 
results both the 0.52" and the 0.57" IDs produce a DU of 0.96. The 0.57" ID has a lower inlet pressure, so this is the one which was 
selected.  
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Step 6: Allowable pressure change along the mainline. 
0.92
0.96
15 psi
Allowable ΔPmanifold: 2.71 psi
Target Design DU =
Calculated Hose DU =
Average Emmitter P =
The allowable pressure change in the mainline is 2.71psi. Now, the manifold must be sized and it must be made sure that the 
pressure does not change more than 2.71psi along it.  
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Step 7. Mainline selection
Vertical Mainline (Supplying Rows 22-55)
Velocity ∆ Pressure: Friction and Elevation
Vertical Mainline: Supplies Rows 22-55 + for uphill, -  for downhill
Row Section 1.5" 2" 2.5" Nom ID Actual ID "C" value Nom ID Actual ID "C" value Weight/ft
22 0 37.85 4.86 3.11 2.12 2.5 2.699 144 - - - - - - - 1.25 1.548 142 0.186
23 1 36.21 4.65 2.98 2.03 2.5 2.699 144 15.32 12.45 0.012 0.08056 -0.040 -0.040 15.28 1.5 1.784 143 0.221
24 2 34.58 4.44 2.84 1.94 2.5 2.699 144 15.28 12.45 0.012 0.07396 -0.037 -0.078 15.24 2 2.229 144 0.345
25 3 32.95 4.23 2.71 1.85 2.5 2.699 144 15.24 12.45 0.012 0.06762 -0.035 -0.112 15.21 2.5 2.699 144 0.501
26 4 31.31 4.02 2.58 1.76 2.5 2.699 144 15.21 12.45 0.012 0.06154 -0.032 -0.144 15.17
27 5 29.68 3.81 2.44 1.67 2.5 2.699 144 15.17 12.45 -0.017 0.05573 -0.017 -0.161 15.16
28 6 28.05 3.60 2.31 1.57 2.5 2.699 144 15.16 12.45 -0.017 0.05019 -0.014 -0.175 15.14
29 7 26.41 3.39 2.17 1.48 2.5 2.699 144 15.14 12.45 -0.017 0.04491 -0.012 -0.187 15.13
30 8 24.78 3.18 2.04 1.39 2.5 2.699 144 15.13 12.45 -0.017 0.03990 -0.010 -0.197 15.12
31 9 23.15 2.97 1.90 1.30 2 2.229 144 15.12 12.45 -0.017 0.08929 -0.031 -0.229 15.09
32 10 21.51 2.76 1.77 1.21 2 2.229 144 15.09 12.45 -0.017 0.07798 -0.026 -0.255 15.06
33 11 19.88 2.55 1.64 1.12 2 2.229 144 15.06 12.45 -0.017 0.06737 -0.022 -0.277 15.04
34 12 18.25 2.34 1.50 1.02 2 2.229 144 15.04 12.45 -0.015 0.05748 -0.018 -0.295 15.02
35 13 16.63 2.14 1.37 0.93 2 2.229 144 15.02 12.45 -0.015 0.04841 -0.014 -0.310 15.01
36 14 15.10 1.94 1.24 0.85 2 2.229 144 15.01 12.45 -0.015 0.04047 -0.011 -0.321 15.00
37 15 13.63 1.75 1.12 0.76 2 2.229 144 15.00 12.45 -0.015 0.03349 -0.008 -0.329 14.99
38 16 12.25 1.57 1.01 0.69 2 2.229 144 14.99 12.45 -0.015 0.02747 -0.005 -0.334 14.98
39 17 10.93 1.40 0.90 0.61 2 2.229 144 14.98 12.45 0.011 0.02226 -0.014 -0.349 14.97
40 18 9.70 1.25 0.80 0.54 2 2.229 144 14.97 12.45 0.011 0.01783 -0.012 -0.361 14.96
41 19 8.53 1.10 0.70 0.48 1.5 1.784 143 14.96 12.45 0.011 0.04214 -0.023 -0.384 14.93
42 20 7.45 0.96 0.61 0.42 1.5 1.784 143 14.93 12.45 0.011 0.03277 -0.019 -0.403 14.91
43 21 6.43 0.83 0.53 0.36 1.5 1.784 143 14.91 12.45 0.007 0.02498 -0.014 -0.417 14.90
44 22 5.50 0.71 0.45 0.31 1.5 1.784 143 14.90 12.45 0.007 0.01868 -0.011 -0.428 14.89
45 23 4.63 0.59 0.38 0.26 1.5 1.784 143 14.89 12.45 0.007 0.01360 -0.009 -0.437 14.88
46 24 3.83 0.49 0.32 0.22 1.5 1.784 143 14.88 12.45 0.007 0.00957 -0.007 -0.444 14.87
47 25 3.12 0.40 0.26 0.17 1.5 1.784 143 14.87 12.45 0.007 0.00653 -0.006 -0.450 14.87
48 26 2.47 0.32 0.20 0.14 1.5 1.784 143 14.87 12.45 0.016 0.00423 -0.009 -0.459 14.86
49 27 1.90 0.24 0.16 0.11 1.5 1.784 143 14.86 12.45 0.016 0.00261 -0.008 -0.467 14.85
50 28 1.40 0.18 0.12 0.08 1.5 1.784 143 14.85 12.45 0.016 0.00148 -0.008 -0.474 14.84
51 29 0.98 0.13 0.08 0.06 1.5 1.784 143 14.84 12.45 0.016 0.00077 -0.007 -0.482 14.84 Required Inlet press. 15.32 psi
52 30 0.63 0.08 0.05 0.04 1.5 1.784 143 14.84 12.45 0.016 0.00034 -0.007 -0.489 14.83 Max P 15.32
53 31 0.37 0.05 0.03 0.02 1.5 1.784 143 14.83 12.45 0.016 0.00012 -0.007 -0.496 14.82 Min P 14.82
54 32 0.17 0.02 0.01 0.01 1.5 1.784 143 14.82 12.45 0.016 0.00003 -0.007 -0.503 14.82 Avg 15.00
55 33 0.05 0.01 0.00 0.00 1.5 1.784 143 14.82 12.45 0.016 0.00000 -0.007 -0.509 14.81 Change in P 0.50 psi
15.00
D/S Flow 
(GPM)
Velocity Class 125 PSI IPSLength 
(feet)
Δ Elev 
(feet)
Hf         
(feet)
P u/s     
(psi)
P d/s     
(psi)
Δ P Total 
(psi)Δ P       (psi)
The vertical mainline (as oriented on map) was first analyzed to ensure that the velocity of water was below 5fps for prevention of water hammer.  To calculate the flow of the water in this mainline, the lateral flow table 
was used: the flow from laterals 22-55 were summed. The flow into the laterals was subtracted from the flow in the mainline at the points where the laterals intersected.  
 
The mainline size was altered to ensure that the pressure change did not excedd 2.71psi. Arbitrarily, 0.5psi was selected as a maximum value of pressure change to ensure a high DU. With the pipe sizing shown, the 
maximum difference in pressure along the mainline is 0.50psi. Having an inlet pressure of 15.32psi will create an average pressure of 15psi into the laterals, which is the target inlet pressure to create and average emitter 
pressure of 15psi.  
The change in elevation was 
calculated from the topographic map.  
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Horizontal Mainline
Velocity ∆ Pressure: Friction and Elevation
Vertical Mainline: Supplies Rows 22-55 + for uphill, -  for downhill
1.25" 1.5" 2" Nom ID Actual ID "C" value
0 17.43 4.56 3.17 1.78 1.25 1.548 142 - - - - - -
1 15.86 4.15 2.88 1.62 1.25 1.548 142 14.92 11.89 -0.031 0.02650 0.002 14.92
2 14.36 3.76 2.61 1.47 1.25 1.548 142 14.92 11.89 -0.031 0.02205 0.004 14.92
3 12.95 3.39 2.35 1.32 1.25 1.548 142 14.92 11.89 -0.031 0.01819 0.006 14.93
4 11.60 3.03 2.11 1.19 1.25 1.548 142 14.93 11.89 -0.031 0.01484 0.007 14.93
5 10.32 2.70 1.87 1.05 1.25 1.548 142 14.93 11.89 -0.031 0.01194 0.008 14.94
6 9.12 2.38 1.66 0.93 1.25 1.548 142 14.94 11.89 -0.031 0.00950 0.009 14.95
7 7.98 2.09 1.45 0.82 1.25 1.548 142 14.95 11.89 -0.031 0.00743 0.010 14.96
8 6.93 1.81 1.26 0.71 1.25 1.548 142 14.96 11.89 -0.031 0.00572 0.011 14.97
9 5.95 1.56 1.08 0.61 1.25 1.548 142 14.97 11.89 -0.031 0.00431 0.012 14.99
10 5.05 1.32 0.92 0.52 1.25 1.548 142 14.99 11.89 -0.031 0.00318 0.012 15.00
11 4.22 1.10 0.77 0.43 1.25 1.548 142 15.00 11.89 -0.031 0.00228 0.013 15.01
12 3.47 0.91 0.63 0.35 1.25 1.548 142 15.01 11.89 -0.031 0.00158 0.013 15.02
13 2.78 0.73 0.51 0.28 1.25 1.548 142 15.02 11.89 -0.031 0.00106 0.013 15.04
14 2.18 0.57 0.40 0.22 1.25 1.548 142 15.04 11.89 -0.031 0.00067 0.013 15.05
15 1.65 0.43 0.30 0.17 1.25 1.548 142 15.05 11.89 -0.031 0.00040 0.013 15.06
16 1.18 0.31 0.21 0.12 1.25 1.548 142 15.06 11.89 -0.031 0.00022 0.013 15.08 Required Inlet press. 14.92 psi
17 0.80 0.21 0.15 0.08 1.25 1.548 142 15.08 11.89 -0.031 0.00010 0.013 15.09 Min P 14.92
18 0.48 0.13 0.09 0.05 1.25 1.548 142 15.09 11.89 -0.031 0.00004 0.013 15.10 Max P 15.12
19 0.25 0.07 0.05 0.03 1.25 1.548 142 15.10 11.89 -0.031 0.00001 0.014 15.12 Avg 15
20 0.08 0.02 0.02 0.01 1.25 1.548 142 15.12 11.89 -0.031 0.00000 0.014 15.13 Change in P 0.20 psi
avg: 15.00
Δ P      (psi)
P d/s       
(psi)
Length 
(feet)
P u/s    
(psi)
Δ Elev 
(feet) Hf      (feet)
D/S Flow 
(GPM)
Velocity
In the horizontal mainline, the smallest size available (1.25") can be selected because the velocity in the pipe will not exceed 5fps. The pipe gains pressure due to a negative change in elevation.  Using the smallest 
diameter pipe results in the lowest pressure change along the mainline. Selecting the smallest diameter in this scenario is economically and DU friendly.  Having an inlet pressure of 14.92psi will allow the mainline to 
The change in elevation is not the 
most extreme SE to NW as listed in 
the givens, it was calculated using 
the topographic map.  
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Step 8: Pressure requirement and critical path
Row 55
Lateral Length of 8'
Hose inlet Pressure of 14.81psi
Row 33
Lateral length of 388'
Hose inlet pressure of 15.04psi
Given the mainline sizing a critical path will be discovered. As far as the mainline goes, the greatest pressure loss is delivering water 
to the end of the mainline. The end of the mainline, given the selected inlet pressure, gives the end of the mainline a press ure of 
14.81psi. At first,  this will be assumed to be our critical path. The drip hose hydraulics program was conducted to see what  the 
minimum pressure is along the path of delivering water to the end of the last lateral at the end of the vertical mainline. Th is is 
shown below.  
From mainline sizing and due to the fact that there is only one set in operation, we know that the maximum pressure requireme nt 
will be the highest required inlet pressure between the vertical and horizontal mainline. T his results in a required pressure of 
As shown, loss of pressure due to friction in this lateral is low due to the low flows from it being a small, 8' section. This results 
in a pressure increase as flow travels to the end of the lateral. This results in the current critical path being to the end of the 
vertical mainline.  
 
Next, one of the longest laterals will be analyzed. The longest lateral that will be selected will be the one furthest down t he 
vertical mainline (because the further water travels down the mainline, the greater the pressure drop).  
The lateral pressure drop in this lateral decreases the pressure to a value of 14.5psi. This is our new found critical path since 
pressure drop along this path is more significant than the previous assumed critical path. To ensure that shorter laterals with 
lower inlet pressures will not have greater pressure drop along them, additional laterals specifics were entered into the 
lateral program, all yielding a lower pressure drop when compared to lateral 33. This concludes that the critical path is 
delivering water to emitter 152 along lateral 33 as shown below.  
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Row 1 
Row 33 
Row 55 
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Step 9: Filtration requirement
Emitter opening width: 0.038 inch dia.
Filt. Req.: 0.0038 inch dia particles
97 microns
Mesh Req: 200
Filter system seleted:
Disc
Netafim
2" LP Disc-Kleen
50-160 gpm
Pressure loss at 55gpm: 1.3 psi
Mesh: 200 (Brown discs)
Price:
 
Step 10. Pump Specs
GPM required by the pump:
Number of emmitters 6634
GPM = 55.3
TDH Required:
Pressure required at inlet of field 15.32 psi
Filter headloss 1.3 psi
Minor Losses 5 psi
Standing water level 46.5 feet *value given in well report 
20.1 psi   of current well
Drawdown 20 feet
8.7 psi
Hf 1 psi
TDH 51.4 psi
Flow range:
Model:
Brand:
Type:
It is recommended that particle sizes 1/10th the emitter hole diameter or greater be filtered out.  
An automatic filter manufactured by Netafim was selected. The choice to use an automatic filter is to allow the system to operate with 
low maintenance. The filter can handle 50-160GPM, which is within the limits of the operating flow.    
 
Since the water will be supplied from a well there is the possibility that there will be sand in the water. Sand in the water will damage the 
discs in the disc filter. In the case of sandy water, it is possible that an additional filter will be needed sole for the purpose of filtering out 
sand.  
Based off the pressure and flow requirements the submersible 100SR6 5hp pump was selected. As shown on the pump curve, 
this pump will supply 55gpm at about 60psi. This combination will prove to be adequate even with the pressure being higher 
than the desired because the additional pressure will be adjusted at the entry into the mainlines with pressure regulators.  
 
The minor losses value approximates pressure loss accounting for loss between the pump and the field as well as other minor 
losses such as elbows and bends in the pipe, reductions in the pipe, and the friction loss in the pipe traveling from the pum p to 
the field. 
 
The value for draw down was arbiltratily selected. The value of frction loss in  the column was arbitrrily selected based on 
anticipated flow rate and diameter of pipe; it will not be known how long the column will be until the new well is drilled.  
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Step 11. Select vents, valves and meters
Air vent for pump start up:
Netafim 1" combination air/vacuum and continuous acting air vent
Model #: 65ARIB1
Price: $142.00 Distributor-Netafim, priced from schumacherirrigation.com
Air vent for continuous release in system:
Netafim 3/4" automatic  
Model #: 65ARIS075
Price: $146.00 Distributor-Netafim, priced from schumacherirrigation.com
Butterfly valve for flow control:
Netafim Butterfly Valve with flow control
Model #: 26-EV-DCN20TGN
Price: $97.18 Distributor-Netafim, priced from schumacherirrigation.com
Flow meter
Mcrometer MF100 2"
Price: $1,270.00
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Step 12. Energy cost
Energy cost estimate:
ETc : 25.77 in
Eff. Precip. : 3.36 in
Assumed DU: 0.85
GPM : 0.008
Area : 32 ft^2
Hours : 1051
GPM : 55.3
TDH : 118.7 ft
Ei : 57 % From pump curve
Em : 81 % From Franklin Electric's website
HP : 3.59
kW : 2.68
Price : $0.20 Kw/hr
Cost : $563.19
The ITRC website was referenced for ETc and precipitation values. Effective precipitation is assumed to be 40 percent of the value of 
precipitation. Keep in mind this estimate is rough and does not account for other electrical equipment that will be included with the 
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Step 13. Cost analysis
Emitters: $0.29 Netafim PC Woodpecker-dripirrigation.com
$1,923.86
0.19
$1,260.46 Button dripper-dripirrigation.com
Laterals: 13048 Distributor- sprinklerwarehouse.com
$68.77 0.57" ID 0.67" OD
500
27
$1,856.79
Mainline: $2.50 Common price
237.8
44.2
186.8
41.3
124.5
43.0
99.6
49.9
$445.89
lb of 1.25"
ft of 1.25"
per lb of PVC
cost
cost (+ shipping)
rolls needed
ft
per  
total feet
per non-PC  emitter
cost
lb of 2.5"
ft of 2.5"
lb of 2"
per PC emitter
ft of 2"
lb of 1.5"
cost
ft of 1.5"
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Fittings:
$2.35 Priced by estimated from plumbingsupply
9
$2.17 Priced by plumbing supply
10
2.23 Priced by plumbing supply
15
$1.23 Priced by plumbing supply
21
$0.40 Priced by plumbing supply
55
$12.56 Priced by Nibco
55
$0.45 Priced by sprinkler warehouse
55
$10.33 2" 120 Degree WYE Priced by plumbing supply
1
$3.54
2
$3.62
2
$239.85 Priced by flexiblepvc.net
$1,104.18
units
2.5"FHT to 2.5"Slip
units
cost
units
2"x2"x3/4" T Fitting
units
2.5"x2.5"x3/4" T Fitting
300' flexible PVC
3/4" PVC Nipple
units
1.25"x1.25"x3/4" T Fitting
units
1.5"x1.5"x3/4" T Fitting
units
Compression fitting
units
3/4" Ball Valve
units
units
2.5" S to 2.5" Fips
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Pressure Regulators:
2 EB-45 Priced by Plumbling Supply
$457.96 price/unit
$915.92 cost
Filter:
1 2" LP Disc-Kleen Distributor- Netafim, priced from schumacher
$9,000.00 cost
Chemigation Valve:
1 valve Estimate given by Farmsupply
$800.00 price/unit
$500.00 installation
$1,300.00 cost
Pump: Distributor- Franklin electric, priced from Preferred Pump
1 100SR6 pump
$2,123.00 price/unit
1 3hp motor
$1,954.00 price/unit
$4,077.00 cost
Vents/valves:
$142.00 Priced from Schumacherirrigation
$146.00 Priced from Schumacherirrigation
$97.18 Priced from Schumacherirrigation
$1,270.00
$1,655.18
Total Cost: $21,615.42
Butterfly valve
Continous air vent
Combination Air vent
Cost
Flow meter
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Cost Summary Table:
$1,260.46
$1,856.79
$445.89
$1,104.18
$915.92
$9,000.00
$1,300.00
$4,077.00
$1,655.18
$21,615.42Total
Vents/valves
Pump
Chemigation Valve
Filter
Pressure Regulators
Fittings
Mainline
Laterals
Emitters
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WELL REPORT 
 
























